Aim Pesticides are widespread and may alter host-pathogen interactions, ultimately influencing 16 pathogen distributions across landscapes. Previous laboratory research supports two hypotheses 17 regarding the effects of pesticides on interactions between amphibians and the predominately 18 aquatic fungal pathogen Batrachochytrium dendrobatidis (Bd): 1) pesticides can be directly toxic 19
patterns are consistent across amphibian species and occur in the field across broad spatial 23 scales. The aim of this research is to address this research gap on the impact of pesticides on Bd 24
distributions. 25
Location Contiguous United States. 26
Time Period 1998 Period -2009 Major Taxa Studied Amphibian hosts and Bd. 28
Methods Our data included 3,946 individuals evaluated for Bd infection across 49 amphibian 29 species, at 126 locations, which resulted in 199 estimates of Bd prevalence in populations. We 30 used species distribution models and multimodel inference to assess the influence of 1) total 31 pesticide use, 2) pesticide use by type (herbicide, insecticide, fungicide), and 3) the most 32 commonly used pesticide compounds on Bd infection prevalence in amphibian populations 33 across life stages, controlling for several factors previously documented to affect Bd's 34
distribution. 35

INTRODUCTION 45
The emergence of infectious diseases threatens public health, global economies, andunderstanding factors that determine distributions of infectious diseases is critical if we are to 48 design effective management strategies to limit disease spread. Anthropogenic activities are 49 predicted to be major determinants of infectious disease distributions (Daszak et al., 2001; Jones 50 et al., 2008) . While mounting evidence suggests that changes to climate and land use type can 51 influence distributions of disease (Lafferty, 2009; Rohr et al., 2011; Martin & Boruta, 2013) , the 52 influence of chemical contaminants on disease distributions remains relatively undetermined 53 (Lawler et al., 2006) . For wildlife populations in freshwater ecosystems, chemical contaminants, 54
including pesticides, are a widespread abiotic factor that might influence the distributions of 55 disease occurrence by affecting host-pathogen interactions. Pesticides can have simultaneous 56 positive and negative effects on parasite transmission; the net effect of these factors determines 57 the influence of pesticides on disease risk in wildlife populations (Rohr et al., 2008a) . For 58 instance, pesticides can increase the incidence of pathogen infection (Christin et al., 2003; Pettis 59 et al., 2012) via the disruption of host immune systems (Blakley et al., 1999; Rohr et al., 2008b) . 60
Alternatively, exposure to pesticides can also decrease pathogen viability via direct negative 61 effects of pesticides on pathogen survival and reproduction (Lafferty & Kuris, 1999; Morley et 62 al., 2003) , pointing to the complex nature of effects of pesticides on host-pathogen interactions. 63
For hosts with complex life cycles, host life stage could determine the net effects of 64 pesticides on disease risk if the relative balance between the effects of pesticides on host 65 susceptibility and pathogen viability changes throughout the development of the host. If the net 66 effect of pesticides changes with host life stage, we might expect pesticides to be negatively 67 metamorphose into the terrestrial life stage, the incidence of keratinized cells increases as the 94 epidermis develops and Bd infection can move from the mouthparts of the tadpole to the entire 95 surface of the body (McMahon & Rohr, 2015) , suggesting that susceptibility to infection and 96 disease development increases in the terrestrial host life stage (Rachowicz & Vredenburg, 2004) . 97
In the terrestrial post-metamorphic life stage, pesticide exposure during early-life is associated 98 with increased Bd-induced mortality, which may be driven by disruption of the immune system. 99
For example, early-life pesticide exposures can lead to increased Bd-induced mortality of 100 terrestrial hosts, which is caused by reduced tolerance to infection; this finding points to a cost of 101 pesticide exposure that could be induced by disruption of the immune system (Rohr et al., 2013) . 102
While these experimental studies support differential effects of pesticide exposure on amphibian-103
Bd interactions over aquatic larval and terrestrial post-metamorphic life stages, it remains 104 equivocal whether these laboratory patterns are consistent across amphibian species and occur in 105 natural populations at broad spatial scales. 106
The objective of the current study is to evaluate the influence of pesticide use on Bd 107 infection prevalence in amphibian populations across the United States. We used publically 108 available data including 199 field observations of Bd infection prevalence and corresponding 109 estimates of pesticide use at the county level. We used species distribution models and 110 multimodel inference approaches to assess the influence of 1) total pesticide use, 2) pesticide use 111 PC1Temp. For use estimates at sites in which a compound estimate was not given, we assumed 185 no use of that compound for the given site. 186
Multimodel Inference and Comparisons of Goodness of Fit 187
To avoid relying on a single model to draw conclusions about the importance of 188 predictors on prevalence, we used multimodel inference (MuMin package), which fits models 189 covariates, including host family, NDVI, precipitation, and temperature (Fig. 1A) . In the best-214 fitting model controlling for covariates, the impact of pesticides depended on life stage (Table 1 , 215 prevalence increased with pesticide use (Fig. 2A) . (Table 1) . Herbicide use, life stage, family, and the interaction of herbicide use and 224 life stage were significant predictors of prevalence, controlling for insecticide use, fungicide use, 225 the interaction of insecticide and fungicide uses with life stage, and all other covariates (Table 1) . 226
The relative importance scores for herbicide use, life stage, and the interaction of herbicide use 227 and life stage were greater than all other factors in the model, including family, insecticide use, 228 fungicide use, and the interaction of insecticide or fungicide use with life stage (Fig. 1B) . Similar 229 to the effect of total pesticide use, herbicide use was associated with decreased infection 230 prevalence in the aquatic larval life stage and increased infection prevalence in the terrestrial 231 post-metamorphic life stages (Fig. 2B , Nagelkerke pseudo R 2 = 0.37). 232
The Influence of Herbicide Compounds 233
The five most commonly used herbicides in the dataset include glyphosate (34% of total 234 herbicide use based on weight), atrazine (10%), metolachlor-s (5%), ethephon (5%), and sodium 235 (Fig. 3A) . Both 242 atrazine and metolachlor-s use were negatively associated with Bd prevalence in the larval stage 243 but did not appear to be associated with infections in the terrestrial stage (Fig. 3B,C) . In contrast, 244 ethephon and sodium chlorate use did not have a strong influence on Bd prevalence in the 245 aquatic larval stage, but were positively associated with Bd prevalence in the terrestrial post-246 metamorphic stage (Fig. 3D,E) . The influence of the sum of the top five most-used herbicide 247 compounds matches closely with the pattern of overall herbicide use on Bd prevalence (Fig. 3F) . Our results support that the combined effects of the most commonly used herbicides 291 together drive the observed patterns of total herbicide use on infection prevalence. The 292 association between individual herbicide compounds and infection prevalence across life stage 293 either closely matched the overall pattern of total herbicide use (e.g. glyphosate) or showed a 294 similar pattern to the influence of total herbicide use in at least one of the host life stages (e.g. 295 atrazine, metolachlor-s, ethephon, sodium chlorate). For instance, atrazine and metolachlor-s 296 have negative effects on infection prevalence in the aquatic larval life stage but no strong effect 297 in the terrestrial post-metamorphic life stage, and ethephon and sodium chlorate have positive 298 effects on infection prevalence in the terrestrial post-metamorphic life stage but no strong effect 299 in the aquatic larval life stage. The top five most commonly used herbicides in our dataset 300 comprised about 59% of the total use of herbicides, so when we examine the influence of the 301 sum of these herbicide compounds on infection prevalence across host life stages (Fig. 3F) , it 302 unsurprisingly closely matched the patterns for total herbicide use (Fig. 2B) . 303
Our results suggest that managers could favor certain herbicide compounds over others if 304 their goal is to limit increasing susceptibility to Bd infection in the terrestrial post-metamorphic 305
stage. An understanding of non-target effects, including the role of potential herbicides on 306 amphibian host fitness, would be needed to develop an integrated pest management solution. 307
While our study evaluates the potential influence of pesticides on amphibian host resistance, via 308 infection prevalence, we have not evaluated fitness consequences of pesticides on hosts exposed 309 to parasites, which may occur through the physiological mechanisms of resistance or tolerance. 310
For instance, herbicide exposure of Bd-infected or -exposed amphibian hosts may result in 311 increased host mortality. 312
While we support that the combined uses of the most common herbicide compounds 313 drive the influence of pesticide use on Bd infection prevalence in amphibians, we do not suggest 314 that insecticides and fungicides do not contribute to this pattern. Instead, we highlight that 315 
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